Abstract: A new class of degradable dextrin-based hydrogels (dextrin-HEMA) was developed. The hydroxyethyl methacrylate ester (HEMA) hydroxyl groups were activated with N,N 0 -carbonyldiimidazole (CDI), followed by their coupling to dextrin, yielding a derivatized material that can be polymerized in aqueous solution to form hydrogels. A comparative study of the stability of the dextrin-HEMA hydrogels and dextrin-vinyl acrylate (dextrin-VA, produced in previous work) revealed that only the firsts are effectively hydrolyzed under physiological conditions. A severe mass loss of dextrin-HEMA gels occurs over time, culminating in the complete dissolution of the gels. Rheologic analysis confirmed that physical structuring is less pronounced when dextrin is modified with methacrylate side groups. The biocompatibility results revealed that the dextrin hydrogels have negligible cell toxicity, irrespective of the hydrogel type (HEMA and VA), allowing cell adhesion and proliferation. Gathering the biocompatibility and the ability to tailor the release profiles, we consider dextrin a promising biomaterial for biomedical applications, namely for controlled release.
INTRODUCTION
Hydrogels are a class of three-dimensional, hydrophilic polymeric networks that can absorb substantial amounts of water. In general, hydrogels have a good biocompatibility and are capable of resembling natural tissues, allowing for a favorable controlled interaction with living systems. 1 For this reason, these materials have found widespread application in the biomedical, biotechnological, and pharmaceutical fields. [2] [3] [4] [5] [6] [7] [8] Hydrogels can be used in tissue engineering, as scaffolds to support and promote tissue regeneration and also as attractive systems for the controlled release of pharmaceutically active molecules. [9] [10] [11] [12] [13] [14] An important class of hydrogels is obtained by the polymerization of acrylate esters [e.g., vinyl acrylate, methacrylate, hydroxyethyl methacrylate] through the polymerization of the water-soluble functionalized polymers. [15] [16] [17] [18] [19] [20] [21] In previous work, we have described a new dextrin-based hydrogel in which the polysaccharide is functionalized with VA. The reactive double bonds cross-links by free-radical polymerization in aqueous solution. 22 The degradation of the ester bonds present in the crosslinks of those polymeric networks is very slow under physiological conditions. However, the hydrogels could be rendered degradable through the incorporation of an enzyme, which prove to be an effective route to modulate the gel degradation and the release of entrapped molecules. Alternatively, the functionalization of the polymer with hydroxyethyl methacrylate ester (HEMA) was attempted, as already described for dextran, as an efficient approach to obtain hydrogels with desirable spontaneous (nonenzymatic) degradation kinetics. [16] [17] [18] [19] 23 The production of dextrin-HEMA hydrogels is reported in this work. It should be remarked that dextrin, an a-(1?4) glucose polymer, was used instead of dextran [a-(1?6)]. A comparative study of the stability of the two different acrylated dextrins (dextrin-VA and dextrin-HEMA) was also carried out. The rheologic analysis allowed exploring the time evolution of the viscoelastic behavior of the hydrogels, providing a qualitative characterization of the network, as well as the structural changes occurring during degradation. The biocompatibility of the hydrogels is an essential issue regarding their pharmaceutical and biomedical applicability. 2, [24] [25] [26] [27] [28] In this context, in vitro toxicity of the hydrogels was evaluated (following the guidelines from ISO10993) and observations with both fluorescence and phase-contrast inverted light microscopy were also carried out as indicators of cell viability and morphology.
MATERIALS AND METHODS

Materials
Dextrin-Koldex 60 starch was a generous gift from Tate & Lyle (Decatur, IL). VA was from Aldrich, N,N,N 0 ,N 0 -tetramethylenethylenediamine (TEMED) and ammonium persulfate (APS) were purchased from BioRad, dimethylsulfoxide (DMSO) and acetone were from AppliChem. 2-Hydroxyethyl methacrylate (HEMA), hydroquinone monomethyl ether (>98%), 4-(N,N-dimethylamino)pyridine (DMAP, 99%), N,N 0 -carbonyldiimidazole (CDI, 98%), and tetrahydrofuran (THF) were from Fluka. Dulbecco's modified Eagle medium (DMEM) with 4500 mg glucose/liter, L-glutamine, 110 mg sodium pyruvate/liter and NaHCO 3 (Sigma) was supplemented with 10% calf bovine serum (CBS) (Gibco, UK) and 1% of a penicillin/streptomycin solution (Sigma). This medium is further referred to as DMEM complete medium. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide) was obtained from Sigma and transwell plates were purchased from Orange Scientific (Belgium). For the fluorescence microscopy assays, the LIVE/DEAD 1 Viability/Cytotoxicity Kit for mammalian cells, from Molecular Probes (USA), was used. Regenerated cellulose tubular membranes with 3500 molecular weight cutoff (MWCO) were obtained from Membrane Filtration Products (Seguin, USA). All other chemicals and solvents used in this work were of the highest purity commercially available.
Synthesis of HEMA-imidazolyl carbamate (HEMA-CI)
The synthesis of HEMA-CI was performed as described by vanDijkWolthuis et al. 18 CDI (1.62 g, 10 mmol) was dissolved in about 15 mL anhydrous THF in a nitrogen atmosphere and HEMA (1.30 g, 10 mmol) was added. The reaction mixture was stirred for 16 h at ambient temperature. After addition of a small amount of hydroquinone monomethyl ether (60 mg), the solvent was evaporated and the crude product was dissolved in ethyl acetate, extracted with water and dried on anhydrous MgSO 4 . After filtration, hydroquinone monomethyl ether (60 mg) was added once more and the solvent evaporated.
Synthesis of dextrin-HEMA
The modification of dextrin with HEMA was performed as described by vanDijkWolthuis et al. 18 with few modifications. Briefly dextrin (10.0 g) was dissolved in dried DMSO (90 mL) in a nitrogen atmosphere. After dissolution of DMAP (2.0 g), HEMA-CI was added, in the molar ratios of 0.25 and 0.50 of HEMA-CI to glucopyranose residues in dextrin. The solution was stirred at room temperature for 4 days, after which the reaction was stopped by adding 2 mL of concentrated HCl. The reaction mixture was dialyzed for 2-3 days against demineralized water at 48C. The methacrylated dextrin was lyophilized and the final white fluffy product was stored at 2208C until use. The degree of acrylate substitution (DS) of the methacrylated dextrin was determined by proton nuclear resonance spectroscopy ( General procedure for the preparation of dextrin-VA and dextrin-HEMA hydrogels
Dextrin-VA monomers were synthesized from dextrin in DMSO in the presence of different amounts of VA and the degree of acrylate substitution (DS) was determined by proton nuclear resonance spectroscopy ( 1 H NMR) in D 2 O as previously described. 22 The hydrogel slabs with different DS (20 and 40%) were prepared by radical polymerization of aqueous solution of either dextrin-VA or dextrin-HEMA (300 mg/mL). The gelation reactions were initiated by adding 90 lL APS (80 mg/mL in phosphate buffer) and 90 lL TEMED (13.6% (v/v) in water, pH adjusted to 8.0 with HCl) and allowed to occur for 30 min at room temperature.
Standard degradation conditions
Two sets of hydrogels were used. After the polymerization reaction, gels were removed from the casting recipients. One set of hydrogels was immediately lyophilized to determine the initial dry weight (W i ). The other one was immersed in 50 mL of phosphate buffer saline (PBS) pH 7.4 and kept in a thermostated room at 378C. At time intervals, gels were removed, blotted with filter paper to remove water excess, weighted (W s , weight in the swollen state) and lyophilized to determine the dry weight, W d . The swelling ratio (SR) and the mass loss (m loss ) were calculated according to Eqs. (2) and (3), respectively:
The hydrogel degradation time is defined as the time needed for complete degradation (W 5 0).
Rheologic measurements
The rheologic measurements were performed in a controlled-stress Rheologica rheometer at a controlled temperature (258C). A plate-plate measuring system was used (Ø 25 mm) and the gap between the plates was 1 mm. For the experiments, polymerized hydrogels with 25-mm diameter and 1-mm thickness, were immersed in 50 mL of PBS at pH 7.4 and kept in a thermostated room at 378C to allow degradation, with the exception of the initial time measurements (t 5 0), in which hydrogels were used immediately after polymerization. At set time intervals, gels were removed from the containers and placed between the plates of the measuring system. Two sets of experiments were performed: (a) Stress sweep experiments were carried out to optimize the applied stress used in the frequency-oscillation experiments. The lower limit of the applied stress is determined by the sensitivity of the instrument. On the other hand, the upper limit of the applied stress will be influenced by the linear viscoelastic range and the presence of slip effects. (b) Once the range of linear viscoelastic response was determined, experiments were performed in Small Amplitude Oscillatory Shear, SAOS, at a fixed frequency of 1 Hz and a stress known to yield a good quality signal in the linear viscoelastic regime.
Cell culture
Mouse embryo fibroblasts 3T3 (ATCC CCL-164) were grown in DMEM complete medium, at 378C, in a fully humidified air containing 5% CO 2 (IR auto Flow). The cells were fed every 2-3 days. When cells reached confluence, the culture medium was discarded and the cells were detached with 2 mL of 0.25% (w/v) trypsin-EDTA [1:250, from porcine pancreas (Sigma)] solution for 15 min at 378C, and 6 mL of DMEM complete medium was added to inactivate the trypsin after cell detachment. The cells were then centrifuged (10 min, 1000 rpm) and resuspended in culture medium before use.
Mitochondrial metabolic activity assay
MTT solution (0.45 mg/mL in DMEM complete medium without phenol red) in an amount equal to 10% of the culture volume was added to each well. After 3 h of incubation at 378C, the MTT solution was removed and the insoluble formazan crystals formed in the bottom of the wells were dissolved in a dimethylsulfoxide volume equal to the original culture volume. 29 The absorbance was measured at 570 nm using a plate reader (SynergyHT, BioTek). The CPII was calculated using Eq. (4) 
Direct contact assay
A fibroblast suspension (3 mL) containing 3 3 10 4 cells/ mL was plated into each well of a six-well plate, to yield a final density of 10 4 cells/cm 2 . After reaching a state of subconfluence (after 24 h), hydrogel discs (Ø 4 mm, 2-mm thickness) were placed on the wells, in direct contact with cells. At regular time intervals, the cell morphology and viability was assessed with the Live/Dead fluorescence labeling. Positive and negative controls (discs of latex and agar gel) were also used.
Adhesion assay
The cell adhesion in dextrin-VA hydrogels was evaluated. After 2 h of polymerization, the hydrogels formed at the bottom of the wells were washed, first with PBS and secondly with DMEM complete medium (3 3 200 lL); then 100 lL of a fibroblast suspension containing 3 3 10 4 cells/mL was plated into each well, to yield a final density of 10 4 cells/cm 2 . The culture medium was refreshed (100 lL) every 2 days. For the control assays, cells were grown directly in the bottom of the wells. At regular time intervals, the hydrogels were washed with PBS (3 3 100 lL) to remove floating cells, and the cell layer was trypsinized before conducting the colorimetric (MTT) and counting assays, an approach that resulted in more accurate and reliable results.
Microscopy assays
At regular time intervals, cell growth and morphology were evaluated by observation with a phase-contrast inverted light microscope. Cytotoxic effects were ranked in cellular death, cell adhesion ability, and induction of morphological changes. Additionally, cells were labeled with LIVE/DEAD Viability/Cytotoxicity Kit and observed by fluorescence microscopy.
RESULTS AND DISCUSSION
In previous work, we have demonstrated the production of a new dextrin hydrogel, through the transesterification of the polymer with VA, followed by free-radical polymerization. 22 In that work, it was demonstrated that the esterification occurs on the 2-(preferentially) and 3-hydroxyl groups in the glucopyranose ring. Furthermore, a comprehensive study was performed, by solid state NMR, allowing the detection of adsorbed, linked and polymerized acrylic molecules. The dextrin-VA hydrogel degrades slowly and to a limited extent, under physiological conditions, which is a limitation in light of their application as controlled delivery systems or in tissue engineering. Several studies reported the successful functionalization of dextran with a methacrylate ester (HEMA) and it was shown that hydrogels obtained by polymerization of this compound, are able to degrade in desirable timeframes. [16] [17] [18] [19] 23 In this work, a similar dextrin modification was attempted using the same chemistry. As dextrin is rather distinct from dextran (different size, different structure), distinct properties are expected and characterized in this work.
Activation of HEMA with CDI and synthesis of dextrin-HEMA As previously described for dextran, 18 it was also possible to couple HEMA to the hydroxyl groups of dextrin via a mixed carbonate ester. This linkage can be effectively introduced by using N,N 0 -CDI as an intermediate activation step. In this activation reaction, HEMA reacts with an equimolar amount of CDI, in THF, to produce HEMA-imidazolyl carbamate, hereafter referred to as HEMA-CI (Fig. 1 ). In the next step, HEMA-CI reacts with dextrin, using DMSO as reaction medium.
1 H RMN analysis shows that dextrin-HEMA with different DS (ranging from ca. 10 to 40%) can be obtained, by varying the molar ratio of HEMA-CI to dextrin (Fig. 2) . It is assumed that the dextrin esterification with HEMA occurs preferentially at the 2-and 3-hydroxyl groups of the glucopyranose ring, as previously shown for dextrin-VA. In addition, the modified polymer was successfully recovered by lyophilization, after dialysis.
Swelling and degradation behavior of dextrin-VA and dextrin-HEMA hydrogels On exposure to an aqueous solution, the water molecules are drawn into the hydrogel network. The initial and relaxed state of the hydrogel (dry state) is, thereby, replaced by a swollen state. As the water molecules are going to occupy some space, the meshes of the network will start expanding, allowing for the uptake of more water molecules. The stretching caused by the swelling process is counterbalanced by the covalent or physical crosslinking of the network, preventing its destruction and creating an equilibrium swelling state. 30 The functionality and number of linkages in the hydrogel, as well as the monomer concentration, influence not only the SR, but also the erosion profile and the overall time for degradation. 5 In this work, a comparative study on the swelling and degradation behavior, was performed in hydrogels with two distinct ester functions [acrylate (dextrin-VA) and methacrylate (dextrin-HEMA)], and the influence of the DS on these parameters was also evaluated. Dextrin-VA hydrogels with DS 20 or DS 40 were compared with dextrin-HEMA with the same DS.
As can be seen in Figure 3 (A), for dextrin-VA, at physiological pH, in the initial period of the incubation (around 5 days), a very slight increase in the SR is detected for both degrees of substitution (DS 20 or DS 40). Nevertheless, neither gel showed a significant increase in swelling over 100 days, indicating that no significant hydrolysis of the polymerized acrylate esters occurred. As expected, greater swelling values (in the range 2.5-3) were found for the DS 20 networks, compared with those (in the range 1.6-2.1) obtained with the higher DS, because in highly crosslinked hydrogels the mobility of the polymer chains is hindered, lowering the ability to swell.
Contrarily to the dextrin-VA hydrogels, in which the SR remains almost constant during the time course of the experiment, in the case of dextrin-HEMA, a progressive swelling occurred over the time, until the complete dissolution of the hydrogels is accomplished. The increased swelling is likely a consequence of the hydrolysis of the methacrylate bonds in the crosslinked structure. The cleavage of the ester bonds leads to a decrease in the crosslinking density, allowing for the network to expand and swell, absorbing more water. As can be seen in Figure 3(A) , the SR values reach a maximum at the time that the gels starts to dissolve and dextrin hydrogels most likely bear few crosslinks per polymer chain. The mass loss of dextrin-VA/HEMA hydrogels with different DS (DS 20 and DS 40) was also monitored as a function of time. Figure 3(B) summarizes the degradation times of all dextrin gels investigated. This figure shows that for both gel systems (dextrin-VA or dextrin-HEMA), the degradation time increased with an increasing DS. It seems obvious that an increasing DS at a fixed initial water content (all the hydrogels have the same initial water content of about 70%), results in a network with a higher crosslinking density. In these cases, to accomplish the network dissolution, more cross-links have to be hydrolyzed, which requires more time. When comparing the two hydrogels systems, a linear mass loss profile can be observed in dextrin-VA, until day 20, with a rate of roughly 0.5% of gel solubilized per day. However, following this initial period, the rate slows down, and at day 100, only about 40 and 25% of mass loss is detected for DS 20 and DS 40 hydrogels, respectively. Probably, the mass losses observed correspond to the release of nonpolymerized material.
Contrarily, as shown in Figure 3 (B), for dextrin-HEMA hydrogels, the mass loss was dramatic, reaching about 30% for DS 20 and 50% for DS 40, after 20 days of incubation. In this case, hydrogels start to disintegrate quickly, until a complete dissolution is achieved. As also expected, while for a DS 20 dextrin-HEMA hydrogel, the dissolution took place in $35 days, in case of DS 40 hydrogels, further time was needed to accomplish dissolution (60 days). These results suggest that, in the case of dextrin-HEMA hydrogels, the degradation occurs via a Figure 3 . Degradability of dextrin-based hydrogels. Swelling ratio (A) and mass loss as a function of time, when immersed in PBS pH 7.4, at 378C (data representative of three experiments; the standard deviation was always inferior to 5%). (*From day 40 the hydrogel structure was severely damaged, preventing the SR measurements).
homogeneous bulk erosion process. In this case, the SR would be expected to increase with the incubation time, because of the loosened polymer network because, although hydrolyzed, the polymer chains remain in the matrix, allowing the network to become looser and to continuously swell, until the dissolution is complete. [31] [32] [33] [34] In the case of dextrin-VA hydrogels, it seems that the initial mass loss can be attributed to the release of a fraction of unbound molecules which were physically entrapped in the matrix at the time of polymerization. As diffusion occurs, the small molecules are released out of the network. A stabilization of the swelling values is, thus, observed at the time that all the unbound molecules are released. In contrary to dextrin-HEMA, which is hydrolytically labile, dextrin-VA hydrogel is very stable under physiological conditions.
Mechanical properties
Mechanical properties of hydrogels are very important for pharmaceutical applications. For example, the integrity of a drug delivery device during the lifetime of the application is crucial. The system must protect a sensitive therapeutic agent, such as protein, maintaining its integrity until it is released out of the system. Changes in the crosslinking density of the hydrogels have been routinely applied to achieve the desired mechanical properties. Increasing the crosslinking will result in a stronger gel with a more brittle structure, which sometimes is not desirable because it shall interfere with the release profiles. Hence, a compromise must be achieved between a relatively strong but yet elastic structure. 35 It is well established that the release of the proteins from a hydrogel is clearly influenced by its degradation rates. 36 Dynamic mechanical analysis, performed on the hydrogel, provide quantitative information on the viscoelastic and rheologic properties of the material, by measuring the mechanical response of the samples as they are deformed. The elastic (also real or storage) modulus G 0 and the viscous (also imaginary or loss) modulus G@ are presented. The storage modulus [G 0 , Fig. 4(A) ] of a hydrogel is proportional to the amount of elastic chains within the polymer network.
37 Figure 4 shows the rheologic results for all the hydrogels and it is clear that the results are in good agreement with the degradability studies above. Dextrin-HEMA hydrogels show lower G 0 values, as compared with the dextrin-VA ones, indicating that physical structuring is less pronounced when dextrin is modified with methacrylate side groups. Overall, it is possible to broadly correlate an increase in SR with a decrease in both the elastic and viscous responses, G 0 and G@ respectively, because the gels become softer as they swell, which tends to decrease G 0 , whereas the increased water absorption, because of the hydrolysis of the methacrylate bonds in the crosslinked structure, leads to a decrease in G@ [ Fig. 4(B) ].
In the case of the dextrin-VA gels, G 0 and G@ decrease for short incubation times and stabilize after $30 days. As there is a large uptake of water and these gels do not degrade, the viscous response increases slightly relatively to the elastic one, as reflected by the slight increase in tan(a), but the viscoelastic behavior clearly remains that of a soft solid [ Fig. 4(C) ]. The DS has an appreciable impact on the storage modulus. Dextrin-VA hydrogels with a higher DS (DS 40) has more crosslink sites, which results in a denser mesh structure, more network chains, and an associated higher G 0 , compared with the lower DS (DS 20). In the case of the dextrin-HEMA gels, the degradation is very severe, with the viscoelastic response quickly approaching that of a inelastic low-viscosity liquid, that is, low G 0 and G@ and tan(a) ) 1. This degradation culminated in the impossibility to perform any tests on the dextrin-HEMA gels, because of their extreme fragility above 20 days of rest.
From these results, it could be concluded that a good correlation exists between the influence of the ester function (methacrylate/acrylate) used in the polymer derivatization, as well as the grafted group percentage (DS), on the rheologic degradation rates.
In vitro biocompatibility assessment
To evaluate the cytotoxicity of the two acrylatederivatized dextrins, we have studied the effects of these materials in a mouse embryo fibroblast culture, namely in the cell proliferation and adhesion on the hydrogel, morphological features, and cell death.
Extraction assay
As previously described, on exposure to aqueous solutions, hydrogels can release leachable products and, therefore, the cytotoxicity of hydrogel extracts must be evaluated. For that purpose, fibroblast cultures were exposed to extracts of hydrogels, prepared using dextrin-VA and dextrin-HEMA with different DS (20 and 40%). Viability was quantified using the MTT assay. The results are shown in Table  I . The extracts induced a reduction inferior to 15% in the mitochondrial metabolic activity of fibroblasts, as compared with the control. No significant differences were found between the two classes of hydrogels (HEMA and VA). The DS of the hydrogel network does also not produce major differences in the CPII.
Direct contact
The cytotoxicity of dextrin-VA and dextrin-HEMA hydrogels was also assessed using a direct contact method. For that purpose, hydrogel discs as well as a positive and negative control (latex rubber and agar, respectively) were used. Each sample was placed on top of a subconfluent cellular layer on a six-well plate, as described in the material and methods section. Figure 5 shows the results obtained with the fluorescence labeling of the cell layers.
As can be seen, the latex rubber is, as expected, highly cytotoxic. Some cells were floating in the medium and the ones that remained attached are dead as well (red labeled). Differences in the morphology were found in the cells underneath the hydrogels. These cells appeared clustered, when compared with the control cultures, but all of them remained alive, as shown by the green fluorescence (data not shown). The cell proliferation under the dextrin hydrogel was lower than the one observed in the control plate. Massia and Stark, 38 and more recently Ferreira et al. 39, 40 using human skin fibroblasts, have already reported this effect which is related to mechanical compression of cells or poor oxygenation and nutrient diffusion, because of the physical presence of the network. The cells in contact with the negative control (agar) and the dextrin hydrogels, irrespective of the chemistry and DS, exhibited similar morphology and proliferation rates, thus, the hydrogels can be considered nontoxic.
Cell adhesion and proliferation on dextrin hydrogels
The cell adhesion on the hydrogel surfaces was evaluated using samples with different DS (20 and 40%) . The results were expressed as a percentage of the adhesion on cell culture polystyrene plates (TCPP), estimated by cell counting. Additionally, the mitochondrial activity of the adherent cells was also assessed in a parallel experiment. This study showed that the hydrogels, once again irrespective of the chemistry (HEMA or VA) and DS, are as expected, less adhesive than TCPP. The resistance of the hydrogel surfaces to cell adhesion is, as described for other polysaccharides such as dextran, presumably because of poor protein adsorption onto the hydrophilic and nonionic polymer. [41] [42] [43] Indeed, cellular adhesion on hydrophilic materials such as hyaluronic acid and PEG-based hydrogels was reported to be extremely sparse. 44, 45 In other cases, as recently described in pullulan hydrogels using smooth muscle cells, cellular adhesion, and moderate growth is observed. 46 Viability tests indicated that fibroblasts adhered to some extent (50-60%) when compared with the adhesion on TCPP and are capable to grow on dextrin hydrogels. In the first stage of the culture, the cells appear round and then attach to the gel surface. As can be seen in Table II , after 1 h, <30% of the cells were attached to the hydrogel surface; after 5 h, almost 60% of the initial cells remained associated to the gels.
As the gels reticulated in the bottom of the wells are slightly opaque, fluorescence labeling was used to facilitate the evaluation of the cell morphology. The results are presented in Figure 6 . After 24 h, small aggregates of round cells are visible. After 2 days, larger cell aggregates are visible, and the cells start spreading out from these aggregates. The Live/ Dead assay demonstrates the nontoxic character of the material, because no dead cells are observed.
The CPII evaluation is shown in Figure 7 . As can be seen, 48 h after the cell seeding on the hydrogel surfaces, cell proliferation inhibition reaches about 50% when compared with control cultures. The direct seeding of the cells onto the hydrogels surfaces resulted in a substantial reduction in the proliferation rate. However, as can be seen by the non-normalized absorbance values [ Fig. 6(A-C) ], the results show that although with a delay, cells are effectively able to grow, indicating that no deleterious effects are produced by dextrin hydrogels.
CONCLUSIONS
It was possible to obtain a new class of polymerizable dextrins (dextrin-HEMA) by using a method based on the activation of the hydroxyl groups of HEMA with CDI, followed by their coupling with the polymer, yielding a derivatized material that can be polymerized in aqueous solution to form hydrogels. The comparative study of the stability of dextrin-HEMA/dextrin-VA hydrogels revealed that the firsts are effectively hydrolyzed under physiological conditions. In dextrin-HEMA hydrogels, a progressive swelling is accompanied by a severe mass loss process, which culminates with the complete dissolution of the gels. Accordingly, the rheologic analysis revealed that physical structuring is less pronounced when dextrin is modified with methacrylate side groups. It can be concluded that the dextrin functionalization with HEMA, may be an effective route to modulate the degradation kinetics, tailoring the release profiles to fit the purpose of the controlled delivery. 47 In light of their biomedical application, the cytotoxicity of the two classes of hydrogels was investigated. The biocompatibility tests, expressed as dysfunction in the metabolic activity of the cells, gave similar results irrespective of the hydrogel type (HEMA and VA), revealing a negligible cell toxicity, allowing cell adhesion and proliferation. These insights into the hydrogel structure-toxicity relationship could be helpful for optimizing the biocompatibility of polymeric delivery systems.
Additionally, the modification of the surface of the hydrogels with RGD peptides, using recombinant starch binding modules (SBM) fused to the bioactive peptides, was proved to significantly improve the cell adhesion and surface spreading (ongoing work). This is a significant advantage on using a starch derived hydrogel (in this case, dextrin), because the availability of SBMs allows a wide variety of bioactive peptides to be driven to the hydrogels surfaces. Furthermore, the interaction of this hydrogel with 
